The carcinogenic potential of.misoprosto1, a synthetic prostaglandin E, analogue with anti-ulcer potential, was evaluated in CD Sprague-Dawley rats. The compound was given daily by gavage at 24, 240, and 2,400 pg/kg, up to 150 times the daily human dose for 2 years. Necropsies were done on all animals and the incidences of pon-neoplastic and neoplastic changes analyzed for significance by life table methods. The only statistically significant non-neoplastic finding was epithelial hyperplasia and hyperkeratosis of the gastric mucosa. These changes, which are characteristic of some prostaglandins, were expected. Other non-neoplastic findings were typical of known spontaneous conditions in this strain of rats. The most frequent neoplasm was the pituitary adenoma, followed by the mammary fibroadenoma, mammary adenoma, mammary adenocarcinoma, and thyroid C-cell adenoma. A rare neoplasm, squamous cell carcinoma of the ovary was found in two rats. There was no evidence that misoprostol is carcinogenic for CD Sprague-Dawley rats.
INTRODUCTION
Misoprostol is a synthetic prostaglandin E, analogue proposed for the treatment of duodenal and gastric ulcers in man. Its main effect in toxicity studies (8) in dogs, rats, and mice was an increase in thickness of the gastric mucosa, which was related mainly to hyperplasia of the surface mucous cells. This effect of misoprostol and other prostaglandins (5, 9, 1 1, 12) reverses with time after withdrawal of the compound. The proposed human dosage is about 16 pg/kg/day in the treatment of duodenal ulcers. Misoprostol was administered to rats daily for 2 years to determine its carcinogenic potential. This paper presents the pathologic findings in these rats.
METHODS
Male and female CD Sprague-Dawley rats, approximately 45 days of age at receipt, were obtained from a commercial breeding colony (Charles River Breeding Laboratories, Inc., St. Aubin-les-Elibeuf, France) and were accliminated for 20 days before dosing began. Rats were assigned to groups so that only one littermate by sex was assigned to each group and then Latin square methods were used to ensure equal distribution by body weight among groups. There were six groups, each of 60 female and 60 male rats. Groups 1 and 2 served as water controls and group 3 as vehicle (hydroxypropyl methylcellulose, HPMC) control. Groups 4, 5 , and 6 were given 24,240, and 2,400 pg/kg/day of misoprostol. These dose levels were based on Drevious studies includinga 1-year study. The rats P %oused singly in hanging, stainless steel, mesh bottomel .es equipped with automatic dispensers of drirlfiing water. All animals were fed basal "Certified Rodent Chow."
Misoprostol was given as a dispersion (1:lOO) in HPMC. The volume of vehicle was kept constant at 5 ml/kg whereas the compound was adjusted each week during the first year and monthly thereafter according to body weight. The rats were observed daily. All rats were examined at monthly intervals during the first year and at weekly intervals thereafter for external masses, each of which was recorded by size, site, consistency, and date. The time of first appearance o f each therefore was known and was accounted for in the statistical analysis.
A necropsy was done on all animals that died during the study, were killed in extreitzis, or survived to the end of the study. The following tissues were taken: adrenal, aorta, bone and bone marrow (sternebra), brain, epididymis, esophagus, eye, heart, duodenum, jejunum, ileum, colon, kidney, Harder's 125 Focal ectasia(s) ----- 0  5  5  5  3  3  0  1  3  1  3  6  3  0  2  0  0  0  1  1  0  2  2  1  0  0  0  0   30  7  9  11  10  32  12  13  16  11  13  12  10  9  11  57  21  25  28  32   5  0  5  43  53  3  0  5  21  56  3  0  2  1 2 2  2  1  5  3 2 2  0  0  0  3  1  0  0  0  0  0  8  0  0  0  11  17  0  0  0  0 2 0   7  2  2  4  1  7  0  4  3  1  7  1  5  5  1  8  6  2  1  3   3  2  1  1  0  26  17  15  12  16  4  3  4  3  3  12  6  9  7  10   61  33  21  31  25  47  29  21 15 24 dosage groups as well as a few rats of the low dosage group was thick and granular. These changes, which are known to be characteristic ofthe product studied and other prostaglandins, were expected. They translated microscopically to epithelial hyperplasia and hyperkeratosis of the forestomach, especially of the limiting ridge, and epithelial hyperplasia of the mucosa in both corpus and antrum (Fig. 1 ). Slight hyperplasia of colonic epithelial cells also occurred and was considered to be a compound related effect.
The incidence of non-neoplastic microscopic findings is presented in Table I . Several findings common to aged rats ofthis strain, such as hemosiderosis and hematopoiesis of the spleen, angiectasis of the liver, chronic nephropathy, and mineralization of the renal medulla (1) need not be discussed.
Some other tissue changes require explanation. In the liver, a finding of unknown cause or significance was portal arteriopathy (Fig. 2) . This appeared as hyalinization of the portal arterial wall in the triad, often with disappearance of the vessel in the accompanying portal fibrosis. It was usually associated with slight hyperplasia and dilation of the portal bile duct.
Compression of any part of the ventral surface of the brain was annotated simply as ventral compression. This change was the result of upward compression by an enlarged pituitary gland. (Table II) . To reduce the size of the table and make it meaningful, all tissues containing metastatic neoplasms have been eliminated. The most numerous neoplasm was the pituitary adenoma in both sexes followed by the mammary fibroadenoma, mammary adenoma, mammary adenocarcinoma (in females), and thyroid C-cell adenoma. Both malignant and benign neoplasms were, in general, distributed more or less evenly among the six groups and were the types ofneoplasms common to aged rats of the strain used. There was no statistical evidence of an increase in number of any neoplasm associated with the increase in dosage of the test article.
Neoplastic Findirigs
For tumors of the lymphoid and hematopoietic system, the term lymphosarcoma was used when there was evidence of large tumor masses developing in a particular tissue or tissues and leukemia when it appeared that the neoplastic cells were in many tissues merely because they were in blood vessels, blood sinuses, and lymph vessels. There were two rats with granulocytic (myelocytic, myeloid) leukemia, one a control female and the other a low dose male,
The large number of pituitary adenomas in both male and female rats and of mammary neoplasms in female rats was expected because both are well known to be common in the strain used.
A neoplasm of special interest was a squamous cell carcinoma of the ovary, found in one animal each of the medium and high dosage groups. The neoplasms were firm, round, and about 2 cm in diameter; they had necrotic areas and were invasive. They consisted of cellular trabeculae, advancing in all directions, within a fibrous stroma (Fig. 3) . Cell differentiation varied, from recognizable squamous cells, similar to prickle cells, to pleomorphic anaplastic cells. Some areas had but slight keratinization whereas others had numerous cornified pearls or layers of keratin. In one animal, the neoplasm had invaded the liver ( Fig. 4) and in the other, the intestinal mesentery.
DISCUSSION
The non-neoplastic findings in this study, were typical of known spontaneous conditions in CD Sprague-Dawley rats (1, 2) except for the expected epithelial hyperplasia and hyperkeratosis of the gastric mucosa. There was no evidence that any ofthese findings was affected in quality or quantity by misoprostol.
Although the number of a particular neoplasm in some groups, including the vehicle control group, was significantly different from the number of the same neoplasm in the combined controlgroups, none of these differences was considered to have resulted from the compound. There was no case in which the difference was associated with an increase in the number of the particular neoplasms in the high dosage group. The variation in number of neoplasms, including the mammary fibroadenomas in female rats, was regarded as consistent with natural variation.
Spontaneous ovarian neoplasms are rare; only 158 tumors were reported in a study of 5,903-rats (6). No squamous cell carcinomas were reported. The two neoplasms in this study were at the normal position of the ovary. Neither by gross inspection, however, nor by microscopic examination could any ovarian tissue be found. Thus by exclusion and location, it was concluded that these were ovarian tumors. The opposite ovary was found in both animals. If the tumors are truly ovarian they could have arisen from ovarian epithelium. One cannot exclude, however, the adjacent oviduct and its fimbria as possible sites of origin. Nevertheless, squamous carcinoma of any structure in this location is rare (6).
Since there was no evidence of any drug effect, except on the gastrointestinal mucosa, we believe that all findings neoplastic and non-neoplastic, other than the gastric and colonic epithelial hyperplasia are spontaneous. The significance, if any, of the ovarian tumors, is not known. There are no reports that prostaglandins, either natural or synthetic, increase the frequency of ovarian tumors. We conclude that misoprostol at the dosages used is not carcinogenic for CD Sprague-Dawley rats.
